Abstract -A total flora of 265 taxa was recorded from 58 wetland areas in the southern Carnarvon Basin. The flora was dominated by arid species but also included 34 temperate taxa at the northern end of their range and 18 tropical taxa at the southern end of their range. Five species (DicllOpogon tyleri, Calandrinia sp. Coolcalalaya (GJK and NG 698), Myriocephallls gascoynensis ms, Lythmm sp. Towrana (RJC 2183), Psammagrostis wiseana) are endemic to the study area. The Calandrinia sp. appears not to have been collected previously. A collection of Rllmex crystallil1llS was the first recorded in Western Australia since 1885.
INTRODUCTION
The flora and vegetation of the wetlands of the southern Carnarvon Basin (Anonymous, 1975) have been little studied (Figure 1 ). In the most recent and comprehensive review of nationally significant wetlands only two non-marine wetlands are listed from the study area (ANCA, 1996) . These two large wetland systems highlight the diverse nature of wetlands in this area. Lake MacLeod covers some 150000 ha formed on calcareous marine deposits and lies 30 km north west from Carnarvon. In part, it is fed by ocean water through 18 km of coastal limestone which upwells in sinkholes in the central western section of the wetland, but precipitation can also make a significant contribution to water supply in wetter years (Scott, 1962; ANCA, 1996) . The mangrove community of Lake MacLeod is one of only two inland occurrences (ANCA, 1996) . In contrast the McNeill claypan system is located on outwash alluvial deposits near the mouth of the Gascoyne River. The soils have been described by Bettenay et al. (1971) as saline-alkaline with high levels of exchangeable sodium and a high content of soluble salts. These flats are inundated with fresh water when the Gascoyne River floods. Both wetlands are important for migratory birds (ANCA, 1996) .
Other major wetland habitats found in the study area include those associated with permanent and semi permanent river pools, and freshwater and saline springs, wetlands of seasonally inundated claypans, and the widespread saline samphire flats and birridas (gypsum pans) (Battye, 1915; Payne et al., 1987) . The flora and vegetation of Rocky Pool on the Gascoyne River (Kenneally, 1978) and the occurrence of Psilotum nudum in the lower Murchison River (Smith and Butler, 1961) are among the few accounts of wetland vegetation that have been published for this area.
Numerous classification systems for wetlands have been published both at the regional (Paijamans et al., 1985; Lane and McComb, 1988; Jacobs and Brock, 1993; ANCA, 1996) and local scales (Semeniuk, 1987) , using geomorphic and physical features, but none of these systems clearly differentiate the major geomorphic types recognised in the study area; as a consequence the terminology of Payne et al. (1987) is adopted here.
The aim of this paper is to describe the flora and vegetation of the major seasonal and permanent wetland types of the southern Carnarvon Basin and determine how floristic units correlate with major habitat types. 10.18195/issn.0313-122x.61.2000.175-199 /a--.. .. (Thackway and Cresswell, 1996) .
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submerged aquatic taxa are widespread weed species across southern Australia (Aston, 1973) . The habitat preference of other taxa generally restricted to wetland areas is listed (Appendix 1) where such information could be determined from herbarium labels. This infonnation is lacking for some genera where the material is on loan.
The poor state of knowledge of the wetland flora of the southern Carnarvon Basin is highlighted by the first collections of one apparently undescribed Calandrillia sp. and major range extensions of 15 other taxa (Appendix 1).
Thirty-four taxa reach the northern limit of their range in the study area and another 18 primarily tropical taxa reach the southern ends of their range. The study area straddles Beard's (1990) major phytogeographic boundary between the temperate south west and the Eremaean zones ( Figure 1 ).
Vegetation

Large scale pattemillg the wetlalld classification
Amalgamation of some species was necessary as material could not always be positively identified to species level (e.g. Centipeda spp.). One of the claypans was completely bare of vegetation and was excluded from the analysis. Of the 259 taxa included in the final dataset some 142 taxa (55';;,) occurred only at one wetland area. The dataset was analysed with and without singletons (i.e. taxa that occurred at only one site). The results of both analyses were similar with clearer patterning seen in the analysis with the singletons excluded; these are the results presented below. Species richness varied from one to 25 taxa per wetland (with singletons excluded), with individual taxa occurring at between two and 22 wetlands. In this analysis .... 
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** * * ***** .... WetIand flora and vegetation site groups are discussed at the seven group level (referred to as 'wetland community types' or 'community types') which best reflected the scale of patterning seen in the field. The wetland areas sampled showed a high level of heterogeneity in species composition (Figure 2 ). The primary division in the classification separates the vegetation of the saline flats (wetland community type 1) from all other sites. This can also be seen in the sorted two-way table (Table 3) where species group J is largely restricted to this community type. Most taxa in this group are highly faithful to it and species such as Halosarcia halocllemoides, H. illdica and Sarcocornia quillquefiora have a high level of constancy. All other species groups are completely or almost completely lacking from this wetland community type except for low frequencies of species in species groups 0 and E. Species richness in this community type ranges from three to 16 taxa/wetland (average 6.8). This community type is largely restricted to the near coastal samphires and birridas between Shark Bay and Lake MacLeod (Figure 3 ). One outlying site was found at Salt Gully near Gascoyne Junction. The inland mangrove stands from Lake MacLeod are members of this group. While coastal samphires and mangroves were not sampled in this study they appear very similar to this community type.
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Wetland community type 2 is generally associated with deeper river pools; one wetland formed from an uncapped artesian bore also belongs with this group. This community type is characterised by the occurrence of species group I. While a number of species are restricted to this community type, constancy values rarely exceed 50%. Species in species groups A, B, E and H are completely lacking, while species frequency in other species groups is low to very low. Average species richness was low (6 taxa/wetland). This community type was associated with the deepest pools which would not dry out in any but the driest years; it occurred from the Murchison River to north of Carnarvon and east along the Wooramel River (Figure 3 ).
Community type 3 are typically species-poor claypans (mean species richness 5.6 taxa / wetland). The only species constant and faithful to this group 183 is the weed Asphodelus fistulosus. One species poor riverine site also belongs to this group. The occurrence of A. fistulosus indicates moderate levels of grazing. Whether the low species richness of these sites is also related to disturbance or local soil or moisture conditions is not clear. Several chenopod species were also recorded from this wetland community type.
Community types 4 and 5 encompass riverine wetlands and ephemeral clay pans and swamps characterised by the occurrence of Alternallthera llodifiora, Celltipeda spp. and to a lesser extent Myriocephalus nudus. Community type 4 differs from type 5 by the reasonably high frequency of other taxa in species group F while largely lacking taxa in species groups A, B, C, 0 and E which further characterise community type 5, although constancy of species in these groups is generally only moderate to low. Community type 4 was found both in riverine vegetation and ephemeral wetlands of the claypans and swamps while community type 5 was largely restricted to claypans and swamps (Table 4) .
Two distinct subtypes are discernible in wetland community type 4. Subtype 4a was the most species-rich of the wetland groups sampled (mean species richness of 17.0/ wetland), while community subtype 4b was much less rich (mean species richness of 10.6 taxa/wetland). Both subtypes are characterised by the occurrence of taxa in species group F, while the occurrences of species in species groups G and K define the subgroupings.
Three of the four sites in community subtype 4a are riverine and this subgroup is characterised by a moderate to high fidelity and constancy of taxa in species group K. The river pools tended to have a variety of microhabitats generally with a dense band of sedges (Schoenoplectus lateriflorus and / or Cyperus vaginatus) along the water's edge. This community subtype was found on upstream areas of the Wooramel River and its tributaries and around a large semi-permanent water body on Boolathana Station (north of Carnarvon) (Figure 3) .
Community subtype 4b is restricted to claypans, ephemeral swamps and two river pools in the north west of the study area (Figure 3 ). Wetlands in this Table 4 Comparison of the occurrences of the seven wetland community types with a broad habitat classification. group were characterised by taxa in species group G while almost totally lacking taxa in species group K, which are typical of community subtype 4a. Subtype 4b wetlands tended to have a significant shrub component and the claypans and swamps were quite extensive. The majority of the ephemeral swamps and claypans form wetland community type 5, and while Centipeda spp. and Alternanthera nodiflora were also common in this community type, the herbs of species groups A, B, C and D clearly differentiate it from the previous type. The sites in this type were quite heterogenous, with few constant taxa, but none the less species rich (mean 10.7 taxa/wetland). The most constant taxon was Eragrostis dielsii, occurring in 75% of sites in this group and totally lacking from the related community type 4. Species group C is most typical of this community type and is composed of annual taxa that either germinate in very shallow waters or rapidly germinate as the clay soils dry. This community type was very widespread across the study area (Figure 3 ). One riverine site was classified into this group. That site had rich alluvial soil on which suites of annuals were growing. Typically the riverbanks in the study area are either sandy or rocky.
A series of permanent springs are found along the western foothills of the Kennedy Range. These have until recently long been used as watering points for cattle. Some of the springs are fenced off and water piped from them but two have been used as cattle N. Gibson, G.}. Keighery, M.N. Lyons yards. There are no understorey species left at these two sites. The overstorey tree is Eucalyptus cmnaldulensis subsp. obtusa. These two sites form wetland community type 6 based on the sole occurrence of this species. One site was located at the spring itself while the second was along the watercourse below the spring.
The final community type (type 7) is comprised of tall dense species-poor sedgelands that occur at the less modified springs and the streams draining the west side of the Kennedy Range and as far south as a dammed section of the Wooramel River. These stands are typical of permanent or near permanent water bodies. Cyperus vaginalis is constant in this group but is also common in wetland community subtype 4b. Typha domingensis is also a common component of this community type. Mean species richness is 3.2 taxa/wetland. While no soil sampling or analysis was undertaken during the present study, Halse et al. (2000) collected water chemistry data from all but one of these wetlands in their study of invertebrate patterning. This water chemistry data could be expected to be related to aspects of the soil chemistry. Measures of electrical conductivity and turbidity highlight patterns as discussed above (Figure 4) .
When the claypans fill, the water becomes red brown in colour due to suspended clay particles. Only wetland community types 3, 4, and 5 occur in claypans, with the percentage of claypan sites 
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increasing from 31% in community type 4 to 80'Yo in community type 3. Mean turbidity values increase in the same fashion. Only one wetland in the saline community type 1 has turbidity values approaching those of claypan groups. The high levels of electrical conductivity seen in community type 1 clearly separates it from all other wetland types. Essentially the same pattern was seen for other elements such Ca, Mg, Na, K, Cl, and S04' The only other community types with significant but much lower levels of electrical conductivity, Ca, Mg, Na, K, Cl, and S04 were the wetlands fed from springs along the western edge of the Kennedy Range (community types 6 and 7).
Fine scale patterning -the quadrat classification
In addition to the floristic analysis of the wetland areas a second analysis was undertaken of the 1 m x 1 m quadrats which sampled the finer scale vegetation pattern. In all, 124 quadrats were established in 55 of the 58 wetland areas. Three of the wetland areas had no shrub or herb layer. Two hundred and thirteen taxa were recorded from these quadrats. Of these 213 taxa, 99 (46%) only occurred in one quadrat; these taxa were excluded from the analysis as discussed above. With these exclusions species richness varied from one to 13 taxa/ quadrat with individual taxa represented in between two and 31 quadrats.
Fourteen quadrat groupings (referred to as 'site groups') and 11 species groupings were recognised ( Table 5 ). The data set showed high levels of heterogeneity with few quadrats in many of the site groups and generally low species richness (Table 6 ). The first division in the classification again separated the Halosarcia flats (site groups 1 and 2) from the rest of the data set. The two remaining saline groups, the quadrats containing Ruppia tuberosa (site group 3) and the mangrove quadrats (site group 6), totally lack taxa in species group g which are faithful to site groups 1 and 2. N. Gibson, G.] . Keighery, M.N. Lyons Other species-poor site groups include groups 4, 7, 8, and 9 which are mostly fringing freshwater sedgelands or Typha stands, and site group 14, the cane grass swamps (Eragrostis australasica). The characteristic taxa of each of these communities are different but all belong to species group f. The other species-poor site group (group 5) occurred on the Wooramel River flats which had been heavily grazed. The sole species recorded in these quadrats was the introduced Buffel Grass (Cenchrus ciliaris).
The three remaining site groups are herblands (groups 10, 11, and 12). Eragrostis dielsii is the typical species of site group 10. Species groups a, b, d and k are largely confined to this type. Site groups 11 and 12 differ from each other primarily in the proportions of species groups c and h (Table 5) . Site group 13 is generally a sedgeland on riverbanks or drainage channels usually dominated by Cyperus vaginatus. Taxa in species group h are also well represented in this group.
This fourteen site group classification showed a Table 7 Comparison of the number of quadrats of the fourteen site groups with a broad habitat classification.
Site group Birrida (gypsum pan) Samphire Spring River pool Ephemeral swamp Claypan   1  14  1  2  2  2  2  3  3  2  4  2  1  5  2  6  4  1  7  1  2  2  8  3  9  6   10   2  3  9  11  1  10  13  5  12  6  2  13  11  7  14  4 strong correlation with the broad habitat classification, again with the wetlands associated with major stream being the most diverse (Table 7) . Turbidity and electrical conductivity of the wet season water body showed significance differences between site type means (Figure 4) . The occurrence of claypans in site types 10 -14 is highlighted by high mean turbidity values, and some of the saline water bodies had slightly elevated turbidity ( Figure  6 ). The water bodies associated with site types 1, 2, 3 and 6 were moderately to highly saline. A lesser saline influence can also be seen in site types 7, 10 and 13. The highly saline site groups (groups 1, 2, 3 and 6) were largely restricted to the coastal belt except for a quadrat at Salt Creek near Gascoyne Junction ( Figure 5 ). The hyper saline Ruppia tuberosa quadrats 189 of site group 3 were restricted to Shark Bay and the mangrove dominated quadrats (group 6) were restricted to Lake MacLeod. However, as was noted previously, the coastal mangrove communities were not sampled in this survey. Site groups 5, 8, 9, and 14 were found to be quite restricted, with group 8 being restricted to Mooka Springs area, group 9 to the Murchison and Wooramel Rivers and group 14 (cane grass swamps) to the area around Carnarvon (Figure 5 ). In contrast site groups 10 and 11 were widespread in the study area and group 13 was widespread in the northern half.
Many of the wetland areas had more than one site group present and this concentric zonation of the vegetation around the wetland was an obvious feature of the study area. At five of the 57 wetlands three different site groups were recorded, a further Turbidity (NTU) Kruskal-Wallis: 45.819, df: 13, Probability < 0.0001 
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19 had two distinct site groups and a single group was recorded from the remaining wetlands.
DISCUSSION
The present survey has improved on the poor state of knowledge of the flora and vegetation of the seasonal and permanent wetlands of the southern Carnarvon Basin. During the course of this work one apparently new species was collected, seven new populations of priority flora were located and major range extensions were recorded for a further 15 taxa (Appendix 1). The flora of the wetlands is largely arid Oessop, 1985) but with both a significant temperate component (34 taxa reaching their northern range limit) and a significant tropical component (18 taxa reaching their southern limit).
The composition and affinities of the wetlands reported here do not accord with the recently published review of biogeography of freshwater plants, which concentrated almost entirely on wet temperate and tropical regions Oacobs and Wilson, 1996) . Our study area overlaps the northern edge of their south west Western Australian region but the affinities of the freshwater plants (defined in Jacobs and Wilson's study as plants that grow in or near water) in our study are largely with the arid zone Oessop, 1985) and not with New Zealand. Jacobs and Wilson's (1996) work does indicate the lack of knowledge of the seasonal and permanent wetlands in the arid temperate zone (south of the Tropic) is not restricted to southern Carnarvon Basin but is true across Australia. With an increase in knowledge of the wetland systems of arid areas of both the temperate and tropical zones the very strong division between the tropical and temperate regions reported by them can be expected to break down.
Detailed quadrat-based floristic surveys of the Swan Coastal Plain, the coastal communities of the Warren bioregion (Thackway and Cresswell, 1995) , and the Tingle forests of the high rainfall zone have all shown that there is a high proportion of naturally rare species in south west Western Australian ecosystems (Gibson et al., 1994; Gibson and Lyons, unpublished data; Wardell-Johnson and Williams, 1996) . In all three studies approximately 25% of total floras (1485 taxa in 509 quadrats; 901 taxa in 301 quadrats; and 857 taxa in 441 quadrats respectively) were only recorded at one site. Data from the present survey shows the same pattern with taxa being recorded at only one site comprising 55% of species at the individual wetland scale (58 wetland areas) and 46% at the 1 m 2 quadrat scale (124 quadrats). The regional vegetation survey of the southern Carnarvon Basin study area and a detailed study of the sandplain vegetation in the south of the study area show essentially similar trends  N. Gibson, G.] . Keighery, M.N. Lyons Gibson et al., 2000) . This rare component of the floras adds significantly to the biodiversity but is not a predictable component of vegetation communities. The conservation status of this component of the flora will continue to be difficult to assess.
The highly variable nature of wetlands in southwest Western Australia has been reported both at the landscape scale (Churchward et al., 1988) and plant and animal community scales (Gibson et al., 1994; WardelI-Johnson and Williams, 1996; WardellJohnson and Horwitz, 1996) . In the survey of the plant communities of the Swan Coastal Plain the seasonal wetlands were found to comprise 16 of the 30 groups defined (Gibson et al., 1994) , while in a study in high rainfall forest areas near Walpole wetlands comprised 22 of the 44 community types defined (Wardell-Johnson and Williams, 1996) . The reasons for these high levels of heterogeneity are not clear but appear to result at least in part from differences in substrate and differences in period and depth of inundation. High levels of heterogeneity can be seen from the present study at both scales examined.
It could be argued that part of the reason for heterogeneity at the larger scale could be related to the obvious zonation of the vegetation around many of the wetlands. Vegetation zonation is commonly observed in wetlands across Western Australia (Hopper et al., 1996; Halse et al., 1993) . However when sampled at a finer scale the wetland classification still showed a high level of heterogeneity, indicating factors other than zonation are involved.
While some of the community types in the seven group classification generally occur in a particular wetland habitat (e.g. birridas/samphires or claypans/ephemeral swamps), none were restricted to these habitats (Table 4) . At the finer scale sampling there is a much stronger correlation between site groups and wetland habitat (Table 7) . Even at this scale, however, some site groups are recorded from several wetland habitats. The most diverse wetland habitat was the riverine wetlands reflecting the heterogeneous nature of these areas with variation in substrate composition, texture, slope, degree of disturbance and salinity to which the floristic groups respond.
Examination of the distribution maps of the floristic groupings indicate only moderate biogeographic patterning (Figures 3 and 6 ). In the seven group wetland classification, the saline community type is generally restricted to the coastal belt but with an outlier near Gascoyne Junction and type 7 is restricted to wetlands at the base of the Kennedy Range south to Wooramel River. The other community types (with the exception of type 3 which are highly disturbed) are widespread across the region, although community type 4 only occurs in the north of the study area (Figure 3) .
At the finer scale of analysis of the 14 site groups, much stronger biogeographic patterning is seen. Eight site groups (groups 1, 2, 3, 5, 6, 8, 9 and 14 - Figure 5 ) have a restricted distribution, while site groups 10, 11 and 13 are widespread. This increased patterning results from the finer subdivisions possible in the larger dataset.
While most wetlands visited were not obviously impacted by grazing, the use of two springs in the Kennedy Range as cattle yards had resulted in the total removal of the understorey (wetland community type 6). Grazing impacts could also be seen in the claypans and riverine areas of wetland community type 3. These sites were generally dominated by Asphodelus fistulosus, a weed indicative of over grazing (Parsons and Cuthbertson, 1992) , and were typically quite species poor.
The seasonal and permanent wetlands of the southern Carnarvon Basin have a diverse and poorly known flora. The present study has shown that patterns in species distribution and species richness are similar to those reported for wetlands in higher rainfall area of the southwest, however as in the southwest, the causal factors operating are still poorly understood. 
